Development of two new techniques for studying the gas phase chemistry of negative ions is reported. Collision induced dissociation (CID) of (M-1)-ions has been accomplished in a newly constructed triple stage quadrupole mass spectrometer. This instrument was assembled by adding two additional Finnigan quadrupole mass filters to a Finnigan Model 3200 CI mass spectrometer. Generation of (M-1) ions is accomplished by allowing OH-and sample to react under CI conditions in the ion source. The first quadrupole mass filter, Ql, is then employed to selectively pass the (M-1)-ion into a second quadrupole filter containing argon or neon at 10-3 torr. On collision with the inert gas the (M-1) ions dissociate into fragments which are then mass analyzed in the third quadrupole filter. CID spectra of (M-1)-ions from twelve carbonyl compounds are presented in this paper. Ion molecule isotope exchange reactions in the CI ion source can be used to count the number of hydrogen atoms in many different chemical environments. Collisions between sample (M-1)-ions and deuterium-labeled reagent gases (ND3, D20, EtOD) facilitate incorporation of deuterium into the negative ion if the basicities of the sample and reagent anions are similar. Thus it is possible to selectively incorporate deuterium into many organic samples by controlling the exothermicity of the acid base, ion-molecule chemistry.
Introduction
We report the development of two new techniques for studying the gas-phase chemistry of negative ions. In the first part of the paper we discuss the utility of a newly constructed triplestage quadrupole (TSQ) mass spectrometer for obtaining collision-induced dissociation (CID) mass spectra of (M -1)-ions. Examples of gas phase ion/molecule isotope exchange reactions are presented in the second part of the paper. 
After passage through the first mass filter, Q', the (M -1) -ion enters Q2 where it becomes vibrationally excited during collisions with either argon or neon atoms. Carbanions can acquire 2 or 3 eV of internal energy by this mechanism in the TSQ instrument. Accordingly dissociation pathways which are either endothermic or which involve considerable activation energy now become accessible and considerable fragmentation of the ion occurs.
A major fragmentation pathway observed for all ketones and aldehydes studied involves loss of H2 from the (M -1) -ion. Formation of a conjugated anion presumably provides the driving force for this reaction. Carbanions derived from ketones also suffer loss of alkene molecules. This reaction is dependent on the position of the carbonyl group in the molecule and probably involves hydrogen transfer via a six-membered transition state as shown in Eqs. (2) (6) CID of (M -1) -ions from esters presumably occurs by a two step process involving dissociaton into R0-and ketene molecule, which then undergo a proton transfer reaction during the lifetime of the ion/molecule complex to produce neutral alcohol and a ketene anion [Eqs. (7) and (8) Results presented here suggest that CID spectra of (M -1)-ions will afford excellent structural information from many molecules. Since (M -1)-ions can be generated under CI conditions without extensive fragmentation in the ion source, the above methodology should find considerable utility in the direct analyses of complex mixtures by multianalyzer mass spectrometers.
Hydrogen-Deuterium Ion/Molecule Isotope Exchange Reactions:
Negative ion/molecule hydrogen-deuterium exchange reactions in the gas phase were first reported by Shapiro et. al. (4) . They showed that a host of (M -1)-ions suffered hydrogen-deuterium exchange on reactions with D20 under "flowing afterglow" conditions. Reactions of D20 with carbanions derived from ketenes and aldehydes, however, did not undergo isotope exchange. Two later studies showed that these (M -1)-ions do undergo exchange if CH3OD is used as reagent gas instead of D20 (5, 6) . We have now studied negative ion/molecule isotope exchange reactions using four reagent gases, ND3, D20, C2H5OD and CF3CD2OD under CIMS conditions (7) . The reagent anions from each of these gases have different proton affinities and can be used to selectively abstract protons from different sites in sample molecules. The (M -1)-ions so produced react with neutral deuterated reagent gas molecules and undergo isotope exchange at only certain sites in the sample molecules. By using these reactions it is possible to use mass spectrometry to locate and count hydrogens in different chemical environments in a sample molecule.
A summary of negative ion/molecule isotope exchange reactions is presented in Table 2 . Reagent ion ND2-is the most basic species (PA = 403 kcal/mole) we have generated under NICI conditions. With this reagent proton abstraction from benzene and polyaromatic hydrocarbons is exothermic, and the resulting (M -1)-ions undergo extensive incorporation of deuterium atoms on subsequent reactions with neutral ND3 molecules. In contrast to the above situation, ND2-abstracts proton from benzylic positions but the resulting anions fail to incorporate deuterium on collision with ND3. We suggest that this is because the reverse reaction is too endothermic. 
